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Method and CcimpoBition& for Tteatiny an InflamniBtorv Diaease 
Ar&a of the Invention 

This invention relate compositions and methods for preventing or treating an 
inflBmmatory diseases by Bdmihist&ring a phosphodiesterase 4 inhibitor in combination with 
5 an inhibitor of prostaglandin synthesis, NS AIDs being exemp] ary. 
Background of the Invention 

Identification of novel therapeutie agents for treating pulmonary diseosee is made 
difficult by the fact that multiple mediators aie responsible for the development of Che 
disease. Thus, it se&mfi unlikely that eliminattng the effects of a single mediator could have 

10 a substantial effect on all three components of chronic asthma. An alternative to the 
"mediator approach'* is to regulate the activity of the cells responsible for the 
pathophysiology of the disease. 

One such w&y is by devoting levels of oAMP (adenosine cyolic 3',5'- 
monophosphate). Cyclic AMP has been shown to be a second messenger mediating the 

13 biologic responses to a wide rangid of hormones, neurotransmitters and drugs; [Krebs 
Endocrinology Proceedings of the 4th international Congress Excerpta Medica, 17-29, 
1973]. When the appropriate agonist bindj Co specific c^l surface receptors, adenylate 
cyclase is activated, which converts Mg+^wATP to cAMP at an accelerated rate. 
Cyclic AMP modulates the activity of mosCp if not alU of the cells that contribute to the 

20 pathophysiology of CT^trinsic (dleigic) asthma. As such, an elevation of cAMP would 

produce beoeficia] effects including; I) airway smooth muscle relaxation, 2) inhibition of 
mast cell mediator release, 3) suppresiion of neutrophil degranulation, 4) inhibition of 
basophil degranulatioHp and S) inhibition of monocyte and macrophage activation. Hence, 
compounds Chat activate adenylate cyclase or inhibit phosphodiesterase should be effective 

25 in suppressing the inappropriate activation of airway smooth muscle and a wide variety cf 
inflammatory cells. The principal cellular mechanism for the inacti vacion of cAMP is 
hydroly sii{ of the 3 -phosphodieaterbond by one or more of a family of isozymes referred to 
as cyclic nucleotide phosphodiesteraw (PDB^). 

It has been shown that a distinct cyclic nucleotide phosphodiesterase (PDB) 

30 isozyme, PDB rVi is responsible for cAMP breakdown in airway smooth muscle and 
inflammatory cells. [Torphy, "PhosphodiesteiHse Isozymes: Potential Targets for Novel 
Aztti-asthmatic Agents" In New Drugs for Asthma, Barnes, ed. IBC Technical Services Ltd,, 
1989], Research indicates that inhibition of this enzyme* not only produces airway smooth 
muscle relaxation, but also suppresses degianuTation of mast cells, basophils and neutrophils 

35 along with inhibiting the activation of monocytes and neutrophils. Moreover, the beneficial 
effects of PDE IV inhibitors are markedly potentiated when adenylate cyclase activity of 
target cells is elevated by appropriate hormones or autocoids* as would be the case in viw, 
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Thu5 FDB IV itihibit9r$ would bfr effective iti tht lung, where levels of prostaglandin B2 and 
prt>$tacyc;liii (acti vatof s of adenylate cyclase) are elevated. Such compounds would offer a 
unique approach toward Che pharmacotherapy of bronchial asthma and possess significant 
cherapeutio advantages over agents currently on the market. 
5 In addition » it could b& uB&ful to comb]n& therBpi&$ in light of the fact that th& 

etiology of many pultxionary disea^s involves multiple mediators. In thi$ invcDtion there is 
presented the combination of a PDB 4 inhibitor and a non-steroidal ami-inflammatory for 
treacbg an inflammatory disease or a condition treatabl&by a PDB4-£&lect3ve inhibitor 
>yhich has associated with it an inflammatoo' component related to the synthesis of 
10 prostaglandins. 

In a first aspect this invention relates to a method for treacinf at) inflammatory 
disease in a mammal by adminiBCering to a patient in need ther&of an effective amounl of a 
PDE 4-sp&cif]c inhibitor and an effectivd amount of a non'Steriodal anti-inflammatory agent 

15 wherein the drugs are administered concomitanUy> or separately and sequentially where the 
sequential administration is close in time or remote in time. 
Detailed Etescription of the Invention 

Thecombinatjon therapy contsmplaced by this invention comprises adminietering a 
PDB4 inhibitor with a non-steroidal an ti- inflammatory agent to trsat an inflamniatoiy 

20 disease. The compounds may be administered together in a single dosagie fomi. Or they 
may be adnvinlBtered aa two diifenent formulations. To iUustmte, both drugs may he 
provided separately as oral formulations, or one may be an oral preparation or as a 
suppository or by injection or as an intravenous drip. They may be administered at the same 
time. Or they may be administered close in time or remotely, such as where one drug is 

25 administered in the morning and th$ second dmg is administered in the evening. 

ThePDB4-specific inhibitor useful in Uiis invention may be any compound that is 
known to inhibit the PDE4 enzyme or which discovered to act in as PDB4 inhibitor, and 
which are only PDE4 inhibitorSp not compounds which inhibit other members of the PDE 
family as well as PDE4. Geneially it i5 pc^errad to a PDE4 antagonists which has an 

30 IC50 ratio of about 0.1 or greater as regards the IC50 for the PDE IV catalytic fonn which 
binds rolipram with a high afVinity divided hy theIC5o for the foim which binds rolipram 
with a low affinity. 

PDE inhibitors like theophylline and pentoxyfyllin inhibit all or most all PDB 
isozymes indiscriminately in all tissues. These compounds ejchibit side ef!ects« apparently 
35 bficausa they non- selectively inhibit all PDE isozym& classes in all tissues. The target 

disease may be effectively treated by such compounds, but unwanted secondary effects may 
be exhibited which, If they could be avoided or minimized, would incr ea^ the overall 
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therapeutic effect of this approach to treating certain diseases. Por example, clinical studies 
with the selective PDE 4 tnhibttor rolipram* v/hich was being developed as an 
flfitid&prfi^sEint, indicate it has psychotropic activity and produces gastrointestinal effects, 
e.^., pyroai&» nausea and eme$i$. 
5 For purposes of this dhclosuie, the cAMP catalytic site which bindB R and S 

rolipram with a low affinity is denominated the "low affinity" binding site CLPDE4) and the 
other form of this catalytic site which binds rolipram with a hcgh affinity is denominated the 
"high affinity " binding site CHPDB4). This terra "HPDB4 " should not be confused with the 
term "hPDE4" which is used to denote human PDE4. 

10 Initial e;;;periment8 were conducted to establish and validate a [^HJR-roUpram 

binding assay. Details of this woric are giv^ in Example I below. 

To determine whether both the high affinity binding activity and the low affinity 
binding activity resided in the same gene product, yesiBt were btmsformed by known 
methods and the expression of recombinant PDE 4 wajs followed over a 6 hour fermentation 

15 period. Westeni blot analysis using an antibody directed against PDE 4 indicated that the 
amount of PDE 4 expressed inciifia^d with time, teaching a maximuno after 3 hour of 
gnswth. In addition, greater than 90% of the immunoreacti ve product was in the high speed 
(100,000 X g) supernatant of yeast lysates. (^H]R-]lolipram binding and PDB activity were 
monitored along with protein expression, PDE 4 activity was co-expiessed with rollpram- 

20 binding activity, indicating that both functions exist on the same gene product. Similar to 
results with the Western plot analysiSi greater thaii.85% of the rolipram-inhibitabte PDB 
activity and [^Hl-roliprain binding activity was found to be present in the yeast supernatant 
fraction. 

Overall, most of the recombinant PDB 4 expressed in this system exists as LPDE 4 
25 and only a small fraction a$ HPDB 4. Consequently, inhibition of recombinant PDB 4 

catalytic activity primarily reflects the actions of conrkpounds at LPDE 4. Inhibition of PDE 
4 catalytic activity can thus be used as an index of the potoicy of compounds at LPDB 4. 
Tlie potency of compounds at HPDB 4 can be asEessed by examining their ability to 
compete for [^H]R-rolipram. To develop SAR$ for both the low affinity and high affinity 
30 rolipram binding sites, the potencies of selected compounds were determined in two assay 
systems. Remits from experiments \i$ing standard compounds wefe tabulated. As 
expected, cenain compounds were clearly more potent in competing with [3H]R-rolipram at 
the site for which rolipram dsmcn^ated high affinity binding as compared with the other 
site, the one at which rolipram is a low affinity binder. SAR correlation between high 
35 affinity binding and low affinity binding was poor and it was concluded that the SAR for 
inhibition of high affinity [^H]R-rolipram binding was distinct from the SAR for binding to 
the low affinity TOlipram binding site. 

-3- 



WO01/S8441 



PCT/UgOl/03972 



It is now Imown that there ueat least two binding forms on human monocyte 
ieconibinantPDB4 (hPDB4) with which inhibitors interact. One explanation for these 
observations is that hPDE 4 exists in two distinct forms. One binds Che likes of rolipram and 
denbufylline with a high affinity while the other binds these compounds with a low affinity. 
5 The preferred PDB4 inhibitorB of use in this invention will be those compounds which have 
a salutary therapeutic ratio, i.e., compoxind^ which prefewntially inhibit cAMP catalytic 
activity where the enzyme i$ in the form that binds rolipram wifli a low affinity, thereby 
reducing the side effects which apparently are linked to inhibiting the form which binds 
roUpmm widi a high afUnity, Atiother way to state thi« is that the pneferred compounds will 

1 0 have an IC5Q ratio of about 0. 1 or greater as regards the IC50 for the FDB 4 catalytic form 
which binds rolipram with a high affinity divided by the ICsq tor the fottti which binds 
rolipram with a low affinity. 

A further refinement of this standard is that of one wherein theFDE4 inhibitor has 
an IC50 ratio of about 0. 1 or greater; said ratia is the ratio of the IC50 value for competing 

1 5 with the binding of InM of [^fTIR- rolipram to a fom of PDB 4 which binds rolipratn with a 
high affinity over the IC50 value for inhibiting the PDE IV catalytic activity of a form 
which binds rolipram with a low flfTmity using 1 microM[^H]-cAMP as the substrate. A 
further review explanation with of this feet can be found in co-pending U.S. patent 
5,998^428 the text of which is iacoipomted herein by tefi&nftnce to th^ extent that text i$ 

20 recessary to the practice of this invention. 

Most preferred are those PDE4 inhibitors which have an IC5Q ratio of greater than 
0.5t and particularly those compounds having a ratio of greater than 1 .0, A preferred 
compound ts cr'tf 4^cyano-4-(3-cyc]opentyIoxy-4-niethoxypheny]Jcyclohexan-l-carboxylic 
add (Ariflo®). In addition^ the following FDE4 mhibitors may be useful in the practice of 

25 this invention: AWD-12-281 from Astra (Hofg^, N. el aL 15th EFMC Int Symp Med 
Chem (Sept 6-I0> Editiburgh) 1998> Ab8tR98); a 9-benayladenine derivative nominated 
NCS-6I3 (INSHRM); D-441B from Chiroscieneeand Schering-Plough; a benzodiazepinfl 
PDE4 inhibitor identified as CI-1018 (Pi:^l68787; PaTke^Davis/Wame^Lambert); a 
benrodioxole derivative Kyowa Hakko disclosed in WO 9916766; V-1 1294A from Napp 

30 (Landetls* LJ. et aL Bur Resp J [Annu Cong Bur Resp Soc (Sept 19-23» Geneva) 1998} 
1998, 12(SuppL 28): Aba^ P2393); roflumilast (CAS reference No 162401-32-3) and a 
pthalarinone (WO 994750S) fromByk-Gulden; or a compound identified as T-440 (Tanabe 
Seiyaku; Fuji, JL cia. J Pharmacol Exp Tker.mS, 284<1); 162). 

The non-steroidal anti-inflammatoiy drugs (NS AIDs) which may be u$^M in 

35 cbi^ invention are those which inhibit prosta^Ianding synthesis. It is believed that 
NSAIDs act through Inhibition of cyclo-oxygenase- 1 (COX-1) and cyclo- 
oxygenase-2 (COX'2). Numerous drugs fall into this category. By way of example, 
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one or more of the following NSAIDs can be use hendn: aspirin, caiprofen, choline 
ssdicylfite, ketoprofen, M$ salicylate, salicyiamindep salsalate, , sodium salicyl^ 
sodium thiosalicylatc, meclofeoanutte 5odi\jin, oxyphenbutaTx^n^, phenylbutazone^ 
indomethacin* pirc^Tiicain, $ulindac» coJmetin and tolmctin sodiym, mefenamic acid, 
S zomerpirae, ibuprofen^ fencprafen^ naproxen and naproxen sodium^ diclofenact 
flurbipiofen, ketoprofen, ketorolac, trometamolf cdecoxib, diflunisal, and 
nabunaatone. All are available from commercial sources or are well described in the 
medical and other scieneific literature. 

The combined analgesic and anti-inflammatory effects of NSAIDs and 

1 D PDE4-sp&cific inhibitors make this combination particularly useful for the 

symptomatic i^ef of painful and/or inflammatory conditions including rheumatic 
disorders such as rheumatoid arthritis^ osteoanhrius, and the spondyloanhropathies^ 
and also in peri-articular disorders, and soft-tissue rheumatism. The combination 
may also be useful in treating puhnonary diseases involving an inflammatory 

15 condition. 

It i£ contemplated that both active agents would be administered at the same time, 
or vety close in time. Alternatively, one drug could be taken in the morning and one later in 
the day. Or in another scenario, one drug could be taken twice daily and the other once 
daily^ either at the same time a$ one of the twice^a-day dosiog occurred, or separately:* 

20 Pteferabiy both dn^s would be taken together at die same time. 

The pr&fient compounds and pharmaceutically acceptable salts which are 
active when given orally can be formulated as syrups, tablets, capsules, controUed- 
release preparation or lozenges, A syrup formulation will generally consist of a 
suspension or solution of the compound or salt in a liquid carrier for example, 

25 ethanol, peanut oil. olive oil, glycerin or water with a flavoring or coloring agent. 
Where the composition is m the form of a tablet, any pharmaceutical carrier 
routinely used for preparing solid formulations may be used. Examples of such 
catriers include rnagneslum stearate, terra alba, talc, gelatin, acacia, stearic acid, 
starch, lactose and sucrose. Where the composition is in the form of a capsule, any 

30 routine encapsulation is suitable, for example using the afcrementiOQed carriers in a 
hard gelatin capsule shell. Where the composition is in the form of a soft gelatin 
shell capsule any phaimaceutica] carrier routinely used for preparing dispersions or 
suspensions may be considef^, for example aqueous gum$, celluloses, silicates or 
oil$, and are incorporated in a soft gelatin capsule shell. 

35 Typical parenteral compositions consist of a solution or suspension of a 

campound or salt in a sterile aqueous or non-aqueous canier optionally containing a 
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parenterally ^c^ptdhl^ oil, &>r example polyethylene glycol, polyvinylpyrrolidone, 
lecithin^ &rachis oil or gesaxQ& oil. 

Typical compositions for inhalation are in the fbim of a BoIution» suspension 
or emulsion that may be administered as a dry powder or in the fcinn of an aerosol 
5 using a convencional propeliant such as fluroinated hydrocarbons such as 
trichlorofluorom&thane. 

Preferably the imposition for the PDE^ inhibitors is a unit dosage form 
such as a tablet or capsule, or a controlled release preparation. While NSAIDs aie 
nonnally taken by mouth, some of them such as diclofenac, ketoprofen^ ketorolac^ 
10 piroxicam, and tenoxicam can be given by intramuscular injection. Ketorolac and 
tenoxicam can also be given by intravenous injection. 

The active ingjvdieot may be administered from 1 to 6 times a day^ sufficient 
to exhibit the desired activity. Preferably ^ the active ingredient is administered 
about once or twice a day, more preferably twice a day. 
15 As for the amount of drug admini^redi it is believed that for tiic FDB4 inhibitors 

will be adminUDcrcd m an amount of between I and 200 nucrogxamB per day p&r adult 
human. NSIAD^ be adminiateied in conformity with approved hbeling< 

Bxample 1 — PhQgphodifest6fQSft and Rolipram Binding Assays 

20 Isolated human monocyte PDB 4 and hrPDB Chuman recombinant PDE4) was 

determined to exi$i primarily in ihe low affinity form. Heoce^ the activity of teat 
compounds againEt the low affinity form of PDE 4 can be assessed using standard assays for 
PDB 4 catalyiteaciivicy employmg 1 microM [^HjcAMP as a substrate (Tctfphy etal., J, of 
BioL Chem., Vol 267, No. 3 ppl79H804» 1992), 

25 Rat hmin high speed supcmatants were used as a source of protein and both 

cnantionmcrs of [^Hj-rolipram were prepared to a specific activity of 25.6 Ci/mmol. 
Standard assay cc^nditions were modified from the puUisbcd procedure to be identical to the 
PDE assay conditions, except for fli& last of thecAMP: 50mM Tris HCl (pH 7.3), 5 mM 
Mg(32» and 1 niM of [3ni-rTolipram(Tt>rphy et al-, J. qfBUyi Ch^m,^ VoL 267, No. 3 

30 ppl 79S-I804p 199Z). The assay was nm for 1 hour at 30" C. The reaction was tenninated 
and bound ligand vm separated (torn free ligand using a Brandel cell harvester. 
Competition for the high affinity binding site was assessed under conditions that were 
identical to those used for measuring low affinity PDE activityp expect that r^H]-cAMP and 
5' AMP ware not present. 

35 
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Example IB 
Mfeflfrurementof Phogphodiegter^ AgtivCtv 

PDE activity was assayed using a [^HJqAMP SPA or [^HjcCMP sctntillation 
proximity analysis (SPA) enzyme a^say as described by the supplier (Amersham Life 
5 Sciences). The reactions were conducted in 96-wet] plates at room t&mperaCur&r in 0. 1 rri of 
nwction buffer containing (final concentrations): SO mM Tris-HQ, pH 7.3, 8,3 mM MgP2, 
1,7 mM BOTA, (3h]cAMP or [^H) cOMP (approximately 2000 dpni/pniol)^ enzyme and 
various concentrationE of the inhilritors. The assay was allowed to proceed for 1 hr and was 
terminated by adding 50 jtt of SPA yttrium silicate beads in the presence of rinc sulfate* 

10 The platea were shaken and allowed to stand at room temperature for 20 min. Radiolabeled 
product formation was assessed by scintillation spectrometry. Activities ofPDES aild?DE7 
were assessed using 0.05 [^H)cAMP, whereas FDE4 was assessed using I uM 
[^HJcAMP as a substrate. Activity of PDBIB. PDEIC, PDB2 and PDE5 activities were 
assessed using IpM [^H]cQMP as a substrate. 

15 r^HIR-TOlIpram binding assay 

The [^H]R-roliptam binding assay was performed by modification of the method of 
Schneider and co-workers, see NicholBon, et a].. Ttiends Pharmacol. Sci.* Vol. 12> pp. 19-27 
(1991) andMcHabetal.pMoI. Pharmacol.. Vol. 39, 109-113 (199 1). R-rolipram binds to 
the catalytic site of PDB4 seeTtirphy et al., MoL PharmicoU Vol, 39, pp. 376-384 (1991). 

2fl Consequently* competition for [^HJR-rolipram binding provides sn independent 

confirmation of the PDB4 inhibitor potencies of unlabeled competitors. The ^say was 
performed at 30^*0 for 1 hr in 0.5 buffer containing (final concentrations): 50 mM^Tria- 
HCl pH 7.5, 5 luM MgCl2» 0.05% bovine serum albumin* 2 nM [^HjR-rolipram (5 J x 104 
dpm/pmol) and variDUE conccncraxioos of non^ radiolabeled inhibitors. TTie reaction was 

25 stopped by the addition of 2.5 ml of ice-cold reaction buffer (without [3H]-R-rolipram) and 
rapid vacuum filcration (Brondel Cell Harvester) through Whatman GF/B filters that hod 
been soaked tt» 03% polyethylenimitie. The filters were washed with an additional 7.5-ml 
of cold buffer, dried, and couneed via liquid scintillation spectrometry. 

Example 2 - Prgparation of a ContrpHed RBleajgB Tablet 

30 A controlled-release formulation was prepared using the ingredients set out in Table 



TaM« 1 
Table InBredients 



InKredJent 




Ariflo® 


3,3 


Dibasic Calcium Phosphate 
(anhydrous) 


88.5 
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Carboniw-934P 


33 


Cafhoniar941P 


1.6 


MagQUium Sturate 


1.0 


OpjwJry White OY-S-9603 


2.4 


Purified water 


4.S. 



Blfioding and camprsssion techniques: 
Blending 

Bxcipients and drug weie placed in a blender and mixed. The magnesium stearat& 
was thtn added and mixed far an additional 3 minutes. During the blending process, 
S excipienCs and drug were mixed, passed through a screen and then mixed again. 
CompfftssioQ 

Approximately 350 mg of each mix wias compresGed into tablets. A target tablet 
strength of 10 kp was used. 

Opadry White was suspended in the purified water and that suspension u$ed to 
10 coat the cablets; watar was removed during the coating process an ddid not form part of the 
final product. 

Example 3 - Pteparacion of an Immediate Release Tablet 

Immediate lelease tablets ^vere prepared by standard m^ans and contained thd 

ingredients set out in Table 2, 
15 Table 2 

Immediate Rriease Tablets 



Ingredients 


Quantify 


QuantiC}' 
(nui/tableO 


Quantity 
(tnil/tablet) 


Ariflo® 


5,0 


I0.O 


15.0 


Lactost Monohydrate 


113.0 


108 


103 


MIcTociTatalllne Cellulofle 


70.0 


70.O 


70.0 


Sodium Staaxb Oycolate 


10.0 


10.0 


10.0 


Maenesiim Steanite 


2,0 


2.0 


2.0 


Opadry White OY-S-9ti03 


5.0 


5.0 


5.0 


Total Tablet Weigbt (fag) 


20S.0 


zos 


205 



Example 4 ^ Treatment of Arthritis 
A patient dj^gno£ed with arthritis and experiencing pain due to ao inflammatian of a 
joint is given a conctolled- release tablet containing 30mgof Ariflo® pr^par«d a£ per 
20 Example 2 and a SDQmg tabJet of Relafen (nabumelone) twice daily. Treatment is continued 
unlit such time as the inflammation goes into remission, 
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What is clBimed is: 

L A method for treating an inflammatoty disease by adminiatering to a patient in need 
thereof ai) effective amount of ftPDE4 inhibitor dnd d non-steroidal anti-inflamniatory drag 
(NSAID) in a combined form, separately, or separately and sequentialty whm the 
5 sequential administration is close in time or r&mote in time, 

2, The method of claim I wherein the PDB4 inhibitor is ci£ 4-cyano-4^(3- 
oydopenty loxy-4<m6Choxyph&Tiyl)cyc[obexan-l-carboxy1io acid the NSAID is selected frxsm 
th& group consisting of aspirin, carprofen, choline sahcylatep ketoprofen^ Mg 
salioylate, salicylamJnde, ealsalat^, sodium salicylate, sodium thiosalicylate, 
10 meclofenatnate ^odiutn, oxyphenbutazone^ phenylbutazone, indomethacin, 
pjFOxicam, sulindac^ taJmetin, tulmetin sodium, mBfenainic acid* zomeipirac, 
ibuprofem, fenoprofen, naproxen, naproxen sodium, diclofenac, flurbiprofen, 
ketoprofen, ketorolac^ trometarnol, celecoxib, difluni^al, and nabumatonB. 
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